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Abstract 
RTI’s Dry Carbonate Process, a solid sorbent CO2 capture approach, has been developed as a retrofit technology 
for existing power plants.  The process is based on the reversible reaction between sodium carbonate, CO2, and 
water vapor to form sodium bicarbonate.  Concentrated CO2 is recovered by a thermal-swing process.  Field testing 
of a prototype Dry Carbonate Process has been completed with a total of 235 h of operation using natural gas- and 
coal-derived flue gases.  The Dry Carbonate demonstrated > 90% CO2 capture and minimal adverse effects of 
exposure to SO2.  Current R&D efforts are focussing on improving the process configuration and sorbent material to 
scale-up the process to a pilot unit capable of capturing 1 ton of CO2 per day.  
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1. Introduction 
Mitigation of carbon dioxide (CO2) emissions from coal-fired power plants is a growing area of interest for the 
utility industry. Although there are no current environmental regulations for CO2 emissions, the utility industry is 
actively exploring options for capture and sequestration of CO2. These options include more efficient power cycles, 
oxy-combustion, and CO2 scrubbing technologies, such as liquid solvents, primarily based on amines such as 
monoethanolamine (MEA). Existing amine-based systems can be commercially utilized; however, they have a 
number of disadvantages including high parasitic steam loss due to solvent regeneration, sensitivity to SOX and O2, 
solvent loss due to vaporization, and high capital and operating costs. 
 
RTI International (RTI) is developing a process to capture CO2 from power plant flue gas using an inexpensive, 
dry, regenerable, solid adsorbent (sorbent).  The overall objective of this program was to develop a retrofit 
technology that has significant cost and energy efficiency advantages compared to existing amine-based CO2 
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capture processes. This CO2 capture process – the Dry Carbonate Process – makes use of the well-known reaction 
chemistry of sodium carbonate (Na2CO or soda ash) and sodium bicarbonate (NaHCO3 3 or baking soda).   The 
reversible carbonation reaction inherent to this process is as follows: 
oNa2CO3(s) + CO2(g) + H2O(g) ļ 2NaHCO3(s)  [¨H  = -1325 Btu/lb of COr 2.]                    (1) 
Sodium carbonate captures CO2 in the presence of water (H2O) to form sodium bicarbonate at temperatures below 
~100ºC.  By performing a moderate temperature swing to 120 to 140ºC, the bicarbonate decomposes and releases a 
CO2/steam mixture that can be converted into a “sequestration-ready” CO2 stream by condensation of steam. This 
process is intended as a retrofit to existing power plants and is ideally suited for coal-fired power plants 
incorporating wet flue gas desulfurization (WFGD) – due to the associated cooling and saturation of the flue gas. 
Figure 1 provides a schematic of the RTI’s Dry Carbonate Process. 
 
Development of this technology (based on a novel 
process design) has been successfully completed at 
bench-scale.  A bench-scale Dry Carbonate Process 
prototype was used to demonstrate the technology at 
a combustion facility by treating both natural gas- 
and coal-derived flue gases.  The Dry Carbonate 
Process has consistently demonstrated greater than 
90% CO2 removal from both simulated and fossil 
fuel-derived flue gases over multiple cycles of CO2 
capture and regeneration (CO2 recovery).  
Preliminary economic analyses indicate that the Dry 
Carbonate Process has potential to achieve lower cost 
requirements and a lower energy penalty compared 
to conventional monoethanolamine (MEA) 
technology. 
 
 Capture Process Figure 1.  Schematic of the RTI's Dry Carbonate CO2
2. Sorbent Development 
Sorbent research and development has progressively narrowed 
the scope of the potential sorbent and process designs that can be 
combined to create a commercially-feasible CO
Table 1. Physical properties of supported sorbents 
2 capture 
process.  Raw forms of sodium carbonate (soda ash, trona, 
calcined bicarbonate) are attractive due to their abundance and 
relatively inexpensive cost.  However, supported sorbents 
(Na
Sorbent Property Value Range 
Mean Particle Diameter 60 – 80 ȝm 
2CO3 on an inert support material) offer attractive features 
such as higher surface area and physical strength.  RTI has 
studied the advantages and disadvantages of using different 
support materials, different preparation methods, different ratios 
of carbonate and support, different carbonate precursors, and pH 
adjustment during preparation.  The most promising sorbents 
were subjected to fluidized-bed testing in simulated flue gas to 
get a realistic measure of sorbent performance.  These efforts 
have led to the development of a supported-Na2CO3 sorbent suitable for use in a commercial entrained-bed reactor.  
Physical properties of this supported sorbent are listed in Table 1. 
 
3.  Process Development 
Initial research and development of the Dry Carbonate Process was centered around using thermogravimetric 
analysis (TGA) to gain a full understanding of the carbonate chemistry involved in the process and to prove the 
sorbent’s feasibility to remove CO2 under realistic flue gas conditions. Based on observations from TGA studies, 
Bulk Density 0.9 – 1.1 g cm-3
BET Surface Area 100 – 120 m2 -1 g
Physical Strength (AR1) 0.7 – 0.9 
Na2CO3 Content 10 – 40 wt% 
1 AR refers to the Attrition Ratio - determined by dividing a 
material’s Attrition Index (AI) value by the AI value of a 
standard fluid catalytic cracking catalyst.  AI is determined 
by the ASTM D-5757 method . 
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RTI designed and carried out several fixed-bed and fluidized-bed tests under simulated flue gas conditions for the 
adsorption and regeneration reactions.  RTI measured the extent of removal capacity of the carbonate sorbents as 
well as their CO2 capture performance over several cycles.  RTI observed that CO2 removal of greater than 90% was 
possible.  No deactivation of the sorbent was observed over many cycles, however, a significant temperature rise 
during adsorption resulted in a decline in CO2 removal rates. Due to the observed temperature rise in the sorbent 
bed, it was clear that fixed-bed and dense-phase fluidized-bed systems were not optimal reactor schemes for the Dry 
Carbonate Process.  Continuous CO2 removal of 90% cannot be achieved, because the poor heat transfer and heat 
removal inherent to these systems causes the equilibrium of the reaction to shift.  To be commercially feasible, the 
Dry Carbonate Process must be based on a system that can distribute and remove heat effectively and carry out 
adsorption and regeneration in a continuous fashion. 
 
4.  Field Testing of the Dry Carbonate Process 
4.1. RTI’s Dry Carbonate Process prototype 
RTI has designed and constructed a Dry Carbonate prototype unit.  
The prototype consists of a co-current down flow gas-solid contactor as 
the CO2 Capture Reactor and two mechanical screw conveyors/heat 
exchangers to achieve sorbent regeneration, cooling to reaction 
temperature, and solid circulation.  The “gravity-based” design of the 
down flow contactor minimizes the flue gas pressure drop through the 
system and thus reduces the power required by a commercial power 
plant’s induced draft fan.  Two screw conveyors are employed to 
mechanically elevate the sorbent from the bottom of the entrained-bed 
reactor to the top and perform the heating and cooling requirements.  
The screw conveyors transfer heat through the hollow shaft screws and 
hollow jackets. Sorbent regeneration is achieved in the Regeneration 
Screw Conveyor using low pressure steam and the sorbent leaving the 
Regeneration Screw Conveyor is cooled to the reaction temperature in 
the Cooling Screw Conveyor which is cooled using domestic cold water. 
The screw conveyors are each 1.8 m tall and 20 cm in diameter and can 
move up to 125 kg/hr of sorbent material.  This prototype unit was 
designed to treat up to 200 SLPM of both simulated and actual flue gas.  
An image of the Dry Carbonate prototype is shown in Figure 2.  
 
Figure 2.  RTI's Dry Carbonate Process Prototype RTI collaborated with ARCADIS U.S., Inc. to demonstrate a Dry 
Carbonate prototype at a coal-fired combustion facility at the U.S. 
Environmental Protection Agency’s site in Research Triangle Park, NC.    
4.2. EPA’s Multi-pollutant Control Research Facility 
RTI’s Dry Carbonate Process prototype was evaluated at EPA’s Multi-Pollutant Control Research Facility 
(MPCRF).  The MPCRF consists primarily of the following equipment and systems:  a 4 MMBtu/hr multi-fuel 
furnace (gas, oil, and coal), thermodynamic load simulators, an electrostatically-enabled fabric filter, a selective 
catalytic reduction (SCR) system, and a lime slurry wet scrubber. The MPCRF combustor is sized so that viable 
multi-pollutant flue gas cleaning technologies may be tested, modeled, and scaled up for commercial applications. In 
addition, the combustor has temperature and gas velocity profiles reasonably close to commercial-scale combustors.  
The combustor is able to fire pulverized coal, distillate oil and/or natural gas, yielding 28,000 SLPM of flue gas at 
150oC when it enters the flue gas cleaning systems. 
T.O. Nelson et al. / Energy Procedia 1 (2009) 1305–1311 1307
4 T.O. Nelson et al / Energy Procedia 00 (2008) 000–000 
RTI’s CO2 capture system was tested using a slipstream of flue gas obtained downstream of the wet limestone 
scrubber and upstream of the induced draft fan. ARCADIS personnel installed the piping and electrical connections 
that integrated the two systems.  A ¾ HP Gast rotary vane compressor was used to extract a sample of the MPCRF 
scrubber exhaust duct into the co-current down flow reactor. The Dry Carbonate Process prototype was positioned 
downstream of the wet  limestone scrubber system because the flue gas exhaust was saturated with water at a 
temperature of 55° to 67°C and had a SO2 concentration of < 20 ppmv.  With the Dry Carbonate prototype 
integrated and running at EPA’s MPCRF, several tests were conducted using desulfurized fossil fuel-derived flue 
gas. These tests were conducted using both natural gas- and coal-derived flue gases. 
4.3. Field test results 
The main objective of testing at EPA’s MPCRF was to demonstrate RTI’s Dry Carbonate Process and understand 
the long term interactions of coal-derived flue gas with the carbonate-based sorbent. It is anticipated, however, that 
this technology is also applicable for CO2 capture from natural gas-fired systems. Overall, the system was exposed 
to fossil fuel-derived flue gas for a total of 235 hours (130 hours of operation with natural gas-derived flue gas and 
the balance with coal-derived flue gas). 
 
Flue gas was metered into the Dry Carbonate 
prototype system and the inlet and outlet CO
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concentrations were measured. After establishing 
steady operation of the system, the sorbent was 
introduced and changes in CO2 concentration in the 
outlet gas were observed.  Under certain process 
conditions, CO2 capture exceeded 90%.  Figure 3 
shows a typical test result using natural gas-derived 
flue gas. CO2 capture ranged from approximately 
80% at high flue gas flow rates to 98.5% at lower 
flue gas flow rates. Figure 3 clearly shows that the 
Dry Carbonate prototype was capable of significant 
CO2 removal from actual natural gas-derived flue 
gas.  In addition, CO2 removal of greater than 90% 
can be sustained over a period of several hours. 
 
Figure 3.  Natural gas-fired testing at the EPA's MPCRF 
 
Following a similar procedure as the natural gas 
testing, the Dry Carbonate Process was evaluated 
using coal-derived flue gas. 
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Figure 4 shows a data 
plot from a typical test using coal-derived flue gas. In 
these various tests, CO2 capture ranged from 
approximately 50% at high flue gas flow rates to 
92.5% at lower flue gas flow rates.  Similar to the 
natural gas combustion testing, Figure 4 clearly 
shows that the Dry Carbonate Process is capable of 
significant CO2 removal from actual coal-fired flue 
gas.   
 
One of the primary objectives of using coal-fired 
flue gas was to examine the effects contaminants in 
the coal-derived flue gas had on the sorbent material. 
Permanent deactivation of the sorbent was expected 
due to irreversible reactions between sodium 
 
Figure 4.  Coal-fired testing at EPA's MPCRF 
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carbonate and both hydrogen chloride (HCl)  and sulfur dioxide (SO2) commonly found in coal-derived flue gases.  
Sulfur concentration in the flue gas exiting EPA’s 
scrubber ranged between 15–20 ppm SO
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burning low-sulfur bituminous coal.  No 
measurements were taken for the HCl concentration 
before testing, but very low levels of HCl were 
expected in the flue gas downstream of the scrubber.  
The low concentrations of these contaminants were 
expected to cause minimal deterioration to the 
sorbent activity. When the CO
5
Before Field Tests
After Field Tests
Start sorbent flow
2 capture rate was 
measured before and after exposure to coal-derived 
flue gas, the data indicated little to no deactivation.  
 
In fact, the performance appeared to improve over 
time.  Figure 5 compares the sorbent’s CO2 capture 
performance before and after exposure to coal-
derived flue gas.  The “before” and “after” tests were 
performed using the same process conditions during natural gas-fired testing of the MPCRF. This improvement in 
performance has been attributed to improved operation of the system by the unit operator. 
 
 capture performance before and after field testing Figure 5.  CO2
5.  Preliminary economic evaluation 
In an annual report prepared by RTI for the U.S. Department of Energy [1], a preliminary economic evaluation of 
the Dry Carbonate Process was completed by following the DOE’s Carbon Capture and Sequestration Systems 
Analysis Guidelines [2].  These guidelines served as a reference for comparing the economic performance of a 
power plant with the Dry Carbonate Process installed to that of a power plant implementing amine-based (MEA) 
CO2 capture and to a power plant without CO2 capture.  With the equipment and utility streams sized accordingly, 
estimates of the power performance, operating costs, and capital costs were made.  These were preliminary 
estimates designed to get a “ballpark” understanding for how a commercial Dry Carbonate Process compares to a 
MEA CO2 capture system.  A more detailed economic analysis is currently being conducted with the help of Electric 
Power Research Institute (EPRI) and will provide a more realistic estimate of the energy and cost improvement the 
Dry Carbonate Process offers over MEA technology.  A qualitative review of the Dry Carbonate economic 
advantages is provided in Table 2. 
Table 2. Qualitative review of economic analysis findings 
Improvement over MEA Description 
Dry Carbonate Process has lower total 
regeneration energy requirement; Additional novel 
heat integration improvements were assumed 
Lower stream turbine power de-rating 
Less energy required to operate induced draft fan 
due to lower pressure drop Lower auxiliary power load 
Modest temperatures of operation and non-
corrosive reactants means standard equipment and 
materials of construction can be used 
Lower capital costs 
Dry Carbonate sorbent assumed to be more stable; 
initial sorbent charge and make-up costs are lower 
than amines 
Lower reactive material costs 
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6. Pilot-scale demonstration 
RTI’s research and development efforts continue and are currently focused on the design, construction, and 
operation of a pilot-scale Dry Carbonate unit with a CO2 capture capacity of approximately 1-2 ton of CO2 per day.  
This will be followed by extensive technical and economic evaluation of the process with particular emphasis on 
heat integration (to minimize operating costs and plant de-rating) and adaptability as a retrofit post-combustion 
technology to a typical coal-fired plant.  The ultimate end products will be to develop a commercialization plan and 
achieve a commitment from a U.S. utility to conduct large-scale pilot-plant testing. 
 
RTI has improved upon the Dry Carbonate Process design to avoid many of the limitations of previous process 
designs.  This modified process design specifically addresses these key process challenges:  heat transfer, reaction 
rate, solids handling, and use of industrially relevant equipment in the pilot-scale unit.  New designs for the CO2 
capture and regeneration reactors are capable of handling the large quantities of heat that are either required or are 
generated by the Dry Carbonate Process. Effective heat transfer and heat management is critical for efficient and 
economical operation.  Additionally, the new Dry Carbonate Process design improves the thermodynamic driving 
force for the capture of CO2 and ensures intimate contact between the gas and solids phases.  Finally, the chosen 
design has great potential to minimize the solids handling requirements of the Dry Carbonate Process. Transporting 
a large quantity of sorbent between reactors will be a significant technological hurdle, but there are currently many 
commercially available technologies capable of moving the quantity of sorbent associated with the Dry Carbonate 
Process. 
 
The new Dry Carbonate Process design allows for a much higher CO2 capacity utilization compared to transport 
or entrained-bed reactor designs. Therefore, sorbent compositions with much higher CO2 loading capacity have been 
investigated.  RTI has produced and evaluated various sorbents consisting primarily of Na2CO3 and physical 
property enhancers added to achieve better physical strength and surface area. RTI produced several of these 
“engineered” sorbents for evaluation in a bench-scale CO2 adsorption reactor system. Figure 6 exhibits the improved 
loading capacity achieved from one of these engineered sorbents compared to the supported sorbent used in the EPA 
testing. 
 
Figure 6 shows that the supported sorbent, is 
capable of achieving >90% CO2 capture from 
the flue gas for approximately 5 minutes at 
which point the capture performance declines 
rapidly. The resulting CO
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Supported Na2CO32 loading capacity on 
the supported sorbent is low, approximately 2 
wt%. This is low compared to the amount of 
CO2 captured by the engineered sorbent. 
Although this sorbent does not achieve 90% 
CO2 capture, it maintains capture for a much 
longer period and as a result, the CO2 loading 
on this material is much higher, approaching 15 
wt%. Other experiments using the bench-scale 
system have shown that the new, engineered 
sorbents are capable of up to 18 wt% CO  2 
loading. The new, engineered sorbent have 
demonstrated a minimum of 7 times increase in 
CO
 loading capacity comparison of engineered- and supported sorbent Figure 6. CO2
2 loading capacity compared to the 
supported sorbent with a comparable rate of CO2 capture.  With improved CO2 capacity and reactivity, the newly 
developed engineered sorbents are ideally suited for the new embodiment of RTI’s Dry Carbonate Process. 
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7. Conclusions 
RTI’s Dry Carbonate CO2 capture system was successfully integrated into the EPA’s MPCRF. Tests were 
conducted using simulated, natural gas-derived, and coal-derived flue gases. The system was operated for a total of 
235 hours using fossil fuel-derived flue gas. The system has been demonstrated to run continuously for extended 
periods of time and has achieved greater than 90% capture of CO2 under various process conditions. The sorbent has 
demonstrated stable performance that was not found to diminish over the course of multiple (i.e., hundreds) cycles. 
In preparation of pilot-scale testing of the Dry Carbonate Process, RTI has modified the process design and 
improved sorbent formulations.  This new design avoids many of the limitations of previous designs.  It also allows 
for a much higher CO2 capacity utilization of the Dry Carbonate sorbent.  RTI has produced modified sorbents with 
a 7 times increase in CO2 capacity compared to the supported sorbent used in EPA field testing. 
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